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Abstract 
In the paper, an air-conditioning terminal device with parallel pipes was brought out and studied. A test rig was set up to measure 
the cooling performances of the device in various working conditions. Then the radiation heat transfer percentage of the device 
was calculated. And the comparison between the device and the radiant cooling ceiling, whose heat transfer also relies on 
radiation and natural convection, was conducted in respect of cooling capacity. The results showed that the proportion of the 
radiation heat exchange rate to the total heat exchange rate was around one third, and the cooling capacities per square meter of 
the device surface can reach as high as 143.8W/m2 when the inlet cooling media temperature was 8ć and the flow rate kept as 
240L/h. The total cooling capacity under this working condition of the device is 631.0W. And the cooling capacity per square 
meter of the device surface increases by 30% over the value of the radiant cooling ceilings at the same inlet cooling media 
temperature. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of CCHVAC 2015. 
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1. Introduction 
Currently, the building air-conditioning terminal devices that can be used both for space heating and cooling are 
mainly fan coil units and radiant panels. For a fan coil unit, though forced air convection heat transfer between the 
coil and the ambient air enhances the heating and cooling capacity [1], it also brings noise and risks of thermal 
discomfort to human bodies. For radiant panels, there is no noise or little air disturbance during their operation. 
However their cooling capacities per unit panel surface area are greatly restricted as condensation is not allowed on 
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the panel surfaces[2]. So they cannot be installed alone as the indoor air moisture load should be removed by other 
systems[3~5]. 
In this paper, an air-conditioning terminal device with parallel pipes was brought out and studied. Fig. 1 shows 
the appearance of the device. Like the radiant panels, there is no noise and little air disturbance during the operation. 
What’s more, condensation on the device surface is allowed as it is equipped with a condensate discharge pan. This 
feature also helps to increase the cooling capacity of the device. In the research, a test rig was set up in the indoor 
environmental chamber of Dalian University of Technology and it is shown in Fig.2. Then the cooling capacity and 
the percentage of radiation heat transfer of the air-conditioning terminal device were tested and calculated. 
         
Fig.1. The terminal device                                    Fig.2. The schematic diagram of the test rig 
2. Experimental test of the terminal device 
2.1. Experiment set up 
In order to test the cooling performance of the radiant-convective air conditioning terminal device, a test rig was 
set up (refer to Fig. 2). The test rig consisted four parts: a cooling source, the terminal device, connection pipes and 
regulation and measurement instruments. The cooling source was an air source heat pump unit providing chilled 
water in the experiment. The PPR (polypropylene random Copolymer) pipes were used as connection pipes. The 
regulation and measurement instruments included a turbine flowmeter, two pressure gauges, a flow regulating valve 
and shut off valves. To balance the heat taken by the device, 11 man-made heat sources were evenly positioned in 
the test chamber, and each one equipped with three 60 W incandescent lamps inside that could be separately 
controlled. The maximum sensitive cooling load that the heat source could provide was 1980 W. The moisture load 
was produced by two ultrasonic humidifiers whose powers could be continuously adjusted. 
The terminal device was placed approximately in the center of the artificial climate chamber of Dalian University 
of Technology. The chamber has a floor area of 42.75 m2 (7.50 m×5.70 m) with the height of 3.60 m. 
2.2. Experiment procedure 
First, turn on the man-made heat sources and the humidifiers to make the chamber temperature and relative 
humidity reach 26°C and 60% or a little bit more. Then run the test system and regulate the flow rate of cooling 
medium to the required value by the regulation valve, and set the supply cooling medium temperature as required 
too. The temperature and humidity of the chamber will change after the operation of the test system, so regulate the 
heat sources and humidifiers to make the chamber temperature and relative humidity reach the balance of 26°C and 
1- terminal device 
2- indoor part of an air 
source heat pump unit 
3- outdoor part of an air 
source heat pump unit 
4- flow meter 
5- pressure gauge 
6- flow regulating valve 
7- shut-off valves for the 
terminal device 
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60% again and keep this steady state for at least half an hour. Usually it would take 2~3 hours for the whole system 
to reach the balance. Only the data recorded during the steady state period will be used in the calculations afterwards. 
The cooling capacities of the terminal device under different operating conditions were calculated under the 
three groups of experiments characterized below. 
x Group 1: The device cooling capacities under the supply cooling medium temperature of 8°C. The flow rates of 
the cooling medium under this group of experiments were 90 L/h, 120 L/h, 150 L/h, 180 L/h and 240 L/h. 
x Group 2: The device cooling capacities under the cooling medium flow rate of 120 L/h. The supply cooling 
medium temperatures were 8°C, 11°C, 13°C and 16°C under this group of experiments. 
x Group 3: The device cooling capacities under the cooling medium flow rate of 240 L/h. Other operating 
conditions of this group of experiments were the same as the Group 2. That is, the supply temperature were also 
8°C, 11°C, 13°C and 16°C under this group of experiments for convenience of comparison. 
3. Results 
3.1. Cooling capacities of the terminal device 
The cooling capacity of the terminal device was calculated by the formula below. 
3106.3
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Where, Q is the cooling capacity of the terminal device, W; ρ is the density of the cooling medium, kg/m3, here 
is 1062 kg/m3 for the ethylene glycol aqueous solution with the volume concentration of 40%; c is the specific heat 
capacity of the cooling medium which is 3.25 kJ/(kg·K) here; V is the volume flow rate of the cooling medium, L/h; 
ts, tr are supply and return temperatures of the cooling medium respectively, °C. 
(1) Experiment Results of Group 1.  
The cooling capacities of the device at different volume flow rates while the supply temperature kept at 8°C 
were shown in Fig.3. It can be seen from the figure that the cooling capacity increases with the rise of the flow rate 
when the supply cooling medium temperature is kept unchanged. The largest cooling capacity reaches 631.0 W at 
the largest flow rate of 243.4 L/h. When the flow rate is smaller than 179.4 L/h, the cooling capacity rises by 12.3 W 
per 10 L/h rise of flow rate, but the cooling capacity only increases 3.8 W per 10 L/h rise of flow rate when the flow 
rate continues to rise to 243.4 L/h. 
 
Fig. 3. Cooling capacities at different volume flow rates (8°C) 
(2) Experiment Results of Group 2. 
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The device cooling capacities at different cooling medium supply temperature while the volume flow rate kept 
at 120L/h were shown in Fig.4. It can be seen from the figure that the cooling capacity decreases with the increase 
of the supply cooling medium temperature. Specifically, when the supply temperature rises from 7.8°C to 10.9°C, 
the cooling capacity averagely decreases 48.3 W per temperature rise; however when the supply temperature 
continues to rise to13.1°C, the cooling capacity decreases about 20.0 W averagely per temperature rise. When the 
supply temperature rises from 13.1°C to16.1°C, the cooling capacity decreases by only 6.4 W per degree of 
temperature rise. On the contrary, it can be concluded that the cooling capacity increases rapidly when the supply 
cooling medium temperature decreases from 13.1°C to 7.8°C. 
 
Fig. 4. Cooling capacities at different supply temperatures (120 L/h) 
(3) Experiment Results of Group 3. 
Fig. 5 showed the terminal device cooling capacities at different supply cooling medium temperatures while the 
volume flow rate was kept at 240 L/h. In the figure, the profile of the cooling capacity is quite similar to that of 
Group 2. But the cooling capacity under the same supply temperature is larger than the corresponding value in 
experiments of Group 2 for the reason that the cooling medium flow rate here is doubled while the other conditions 
are almost the same. 
 
Fig. 5. Cooling capacities at different supply temperatures (240 L/h) 
3.2. Proportion of  radiation heat exchange to the total heat exchange 
From the theory of heat transfer, the total heat exchange (i.e. cooling capacity) of the terminal device (Q) consists 
two parts: radiation heat exchange with the surroundings (Qr) and convection heat exchange with the ambient air 
(Qc). That is: 
300 
330 
360 
390 
420 
450 
480 
510 
540 
570 
600 
6 7 8 9 10 11 12 13 14 15 16 17 18 
Q
/(
W
)
ts /(°C)
300 
330 
360 
390 
420 
450 
480 
510 
540 
570 
600 
630 
660 
6 7 8 9 10 11 12 13 14 15 16 17 18 
Q
/(
W
)
tr/(°C)
132   Shu Hiawen et al. /  Procedia Engineering  146 ( 2016 )  128 – 133 
cr QQQ     (2) 
The radiation heat exchange between one surface of the terminal device and an interior surface of the chamber 
can be calculated by the Law of Stefan-Boltzmann, as shown in Equation 3. The total radiation heat exchange of the 
terminal device is obtained by adding up the radiation heat exchange between the device and all the interior surfaces 
of the chamber, as shown in Equation 4[6][7].  
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Where Qri is the radiation heat exchange between the device and the ith interior surface of the chamber, W; Qr is 
the total radiation heat exchange of the device, W; Ar is the radiation area of the device, m2; σb is Stefan-Boltzmann 
constant, σb =5.67×10-8 W/(m2K4); εc is the emissivity of the device surface, here is assumed as 0.9; εi is the 
emissivity of the ith interior surface of the chamber; tc is the surface temperature of the device, °C; Fci is the 
radiation angle factor between the device surface and the ith interior surface of the chamber; ti is the temperature of 
the ith interior surface of the chamber, °C; N is the number of interior surfaces. 
Calculation results of radiation proportion were shown in Fig.6. Experiment number 1~5 correspond to the 
working conditions that the cooling medium flow rate varied as shown in Fig. 3 while the cooling medium supply 
temperature was kept at 8°C. The results showed that the proportion of radiation heat transfer varied from 34.5% to 
29.8%, with the average of about one third. 
 
Fig.6. Radiation and convection heat exchange proportion of the device 
4. Discussion 
If the indoor air temperature was kept at 26°C, the cooling capacity of radiant ceilings could reach 
40W/m2~60W/m2 at the inlet cooling medium temperature of 16°C ~18°C and the flow rate of 52L/h~184L/h[8]. For 
the air-conditioning terminal device studied in the paper, when the cooling medium supply temperature was kept at 
16.1°C and volume flow rate at 118.6L/h, the cooling capacity could reach 78.8 W/m2 which is averagely 57.0% 
more than the radiant ceilings. What’s more, since lower cooling medium supply temperature is allowed for the 
device, the cooling capacity could reach as high as 113.0~143.8W/m2.  
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5. Conclusions 
In the research, a radiant-convective air-conditioning terminal device with parallel pipes that can be used both 
for space heating and cooling was brought out and tested under various cooling operation conditions. The main 
results and conclusions are as follows: 
x The terminal device has the dehumidification ability which is an important advantage over the radiant cooling 
panels. And the experiments showed that the device can undertake the air moisture load when the supply 
temperature was lower than 13°C.  
x The experiments in the research confirm that the cooling capacity of the device increases with the decrease of 
the supply temperature of the device, and also with the growth of the flow in the terminal device. From the 
experiments results, the cooling capacity of the device could reach as high as 631.0 W (or 143.7 W/m2) with the 
humidification capacity of 242 ml/h when the supply cooling medium temperature was 8°C and the flow rate 
kept at 240 L/h. 
x The cooling capacity of the device could increase about 57.0% compared with the capillary radiation ceilings at 
about the same supply temperature (16.1°C) and the same flow rate (118.6 L/h) under the indoor air temperature 
of 26°C and the relative humidity of about 60%. What’s more, the cooling capacity per square meter of the 
device could treble under the supply temperature of 8°C. 
x The calculation results of the experiments indicate that the proportion of the radiation heat exchange rate to the 
total heat exchange rate is about one third (29.8%~34.5%) for the terminal device studied in the paper. 
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